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Acetaldehyde (AA), 4, 52
Acetaldehyde formation, 173
Activity coefficients, 89
prediction by PolyNRTL thermodynamic
model, 89
prediction by COSMO-SAC molecular
simulation, 666
Acetic acid (HAC), 51
Amagat’s law, 55
Aminocaproic acid (ACA), 51
Amorphous, 65
Antimony triacetate, 52
Antoine equation, 53, 54
Approaches to process and product
engineering, 4
intelligent approach, 4
trial-and-error approach, 4
Aspen Custom Modeler
application to a nylon-6 VK tube, leacher and
solid-state polymerization process, 463
creating plots, 483
declaring an array, 474
dynamic process modeling, 465
implicit equations, 475
leacher model, 476
loops, 475
ODE notation (dollar sign), 476
overview of model development, 465
preparing a steady-state model for dynamic
modeling, 465
real variable type, 469
solid-state polymerization model, 480
summation (sigma), 476

Batch reactor, 50
Binary interaction parameters, 90—92
Bis-2-hydroxylethyl-terephthalate (BHET), 52
Boiling mass transfer by bubble

nucleation, 102
Book overview, 7
Boundary conditions, 23

Dirichlet condition, 23, 29

Newman condition, 23, 29
Bubble-gas devolatilizer

modeling equations, 240

product design calculations, 251

Caprolactam (CL), 1, 49, 51
Central difference approximation, 22
Chilton-Colburn analogy, 99, 100
Colburn factor for heat- and mass-transfer
coefficients, 100
Computational fluid dynamics, 22, 656, 657
CFD software, FLUENT, 662
Components
in nylon-6 process, 52, 409
in nylon-6,6 process, 606
in PET process, 52, 161, 511
in polycaprolactone process, 559
in polylactide process, 592
in polyurethane process, 572, 574
Conditional stability, 39, 40
Conductor-like screening model-segment
activity coefficient (COSMO-SAC),
664, 666
Contact time, 98
Content of extractables, 160, 180
Convection-diffusion equation, 20, 35
Critical constants, 53
Crystalline, 65
Cyclic dimer (CD), 51
Cyclohexylamine (CHA), 52

Dalton’s law, 87
Degree of polymerization (DP), 62
DP of 1 in nylon-6 polymerization, 149
DP of 2 in nylon-6 polymerization, 150
DP of 3 in nylon-6 polymerization, 151
number-average degree of polymerization,
DP,, 138
weight-average degree of polymerization,
DP,, 138
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Design problems
characterization of a batch PET process, 135,
181
computing the phase equilibrium for a PET
liquid-vapor solution, 83, 111
estimating the residence time of a nylon-6
melt within a polymer transfer line,
49, 69
simulating a nylon-6 countercurrent leacher,
84, 116, 286, 300
simulating a liquid-vapor nylon-6 batch
polymerizer, 237, 256
simulating a nylon-6 bubble-gas kettle
devolatilizer, 239, 251
simulating a PET esterifier, 239, 249
optimizing a continuous nylon-6
hydrolyzer, 136, 183
predicting the temperature profile of a
nylon-6 countercurrent dryer, 199, 219
product properties from a nylon-6 transfer
line, 283, 295
product properties from a PET rotating-disk
finisher, 285, 296
Product properties from a PET solid-state
polymerization process, 287, 301
product properties from a wiped-film
evaporator, 283, 295
simulating a nylon-6 VK tube process,
1, 345, 364, 394
simulating a PET melt process, 3, 347,
366, 507
simulating a nylon-6 leacher and solid-state
polymerizer, 463
simulating a nylon-6 bubble-gas
polymerization process, 541
simulating a nylon-6,6 process, 604
simulating a polycaprolactone
polymerization process, 558
simulating a polyurethane process, 571
simulating a polylactide process, 589
Devolatilizer, 240, 251
Diagnosis and fine-tuning polymerization
process models, 628
nynon-6 VK tube process, 628
nylon-6 leacher, 630
nylon-6 solid-state polymerization
process, 638
PET melt process, 632
PET solid-state polymerization process, 635
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Diester degradation, 171
Diethylene glycol (DEG), 52
Diethylene glycol formation, 172
Diffusion from polymer spheres into a fluid, 99
Diffusivity, 58, 60, 61
Direct linear solver, 44
Dirichlet condition, 23
Discretization, 21
Dissolution, 92
DLSODES subroutine for solution of systems
of ordinary differential equations, 14
application to stirred-tank filling
problem, 14
application to simulating plug-flow
reactors, 25
application to calculating phase equilibrium
in a PET solution, 105
application to characterizing a PET batch
process, 182
arguments for calling the subroutines, 15
Dryer modeling, 199, 219

Electrophile, 143
End-use properties, 6
Ester interchange, 164, 167
Esterification, 163
Esterification tank, 3
Ethylene glycol, 3, 4, 52
Ethylene glycol dehydration, 172
Excel:
master worksheet, 361
organization of worksheets, 360
preprocessing worksheet or VBA /
FORTRAN simulation model, 361
postprocessing worksheet for VBA/
FORTRAN simulation model for a
nylon-6 VK tube process, 362, 365
simulation model for a PET melt
process, 367
Explicit method, 38, 39
Extractables, 160, 180

Fine-tuning models, 625
examples of model diagnosis and fine
tuning, 628
strategy of model fitting, 626
Finishing reactor technology, 681
bubble-gas kettle, 240, 241
rotating-disk finisher, 98, 99, 285, 296
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wiped-wall evaporator, 3, 4, 283, 295,
347, 601
Floating-point operations (FLOPS), 91
Flory-Huggins contribution, 89, 90
FORTRAN, 11
FORTRAN dynamic link library, 350
Functional groups, 143
electrophilic leaving groups (E-GRP), 143,
427, 519
electrophilic modifiers (EX-GRP), 143, 427
electrophilic repeat units (EE-GRP),
143, 519
mixed repeat units (EN-GRP), 143, 427
nucleophilic leaving groups (N-GRP), 143,
427, 519
nucleophilic modifiers (NX-GRP), 143,
427, 519
nucleophilic repeat units (NN-GRP),
143, 519
Functional-group approach, 137
Fundamental process model, 5
Fundamentals of polymerization processes, 6
chemical reactors, 11, 237, 283
enthalpy calculations, 199
flowsheet simulation, 345
future challenges, 686
phase equilibrium, 87
physical properties, 49, 51
product properties, 61
transport limitations, 92
reaction kinetics, 135
Future challenges of polymerization process
modeling and product design
the need for data, 686
the need for better models, 686

Gas-phase polypropylene polymerization, 675
Glass transition temperature (Tg), 65

Heat capacity, 204

Heat of reaction, 160, 180
Heat of vaporization, 207
Heterogeneous nucleation, 102
Homogeneous nucleation, 102
Hydrolyzer, 136

Ideal gas heat capacity, 204
Ideal gas law, 55
Implicit method, 38, 40

709

Integrated modeling, 7

Intelligent approach, 4

Intrinsic viscosity, 179

Iterative linear solver, 44

Iterative model building process, 6

Jacobian, 14, 43

Key process input variables (KPIVs), 7
Key process output variables (KPOVs), 7
K-& model, 660

Leacher, 2

Listing of computer files, 689

Liquid density of polymers, 65

Liquid molar volume, 55, 56
Liquid-liquid mass transfer, 96
Liquid-side mass-transfer resistance, 94

Mass transfer in stirred tanks, 247
Mass-transfer coefficient, 98
penetration theory for estimating
mass-transfer coefficient, 98
Mass-transfer limitations
FORTRAN subroutine for mass-transfer
limitation in a nylon-6 bubble-gas
process, 544
FORTRAN subroutine for mass-transfer
limitation in a PET melt process, 521
two-film theory for vapor-liquid diffusional
mass transfer, 93
Melt index, 6
Melt viscosity, 68
Method of lines (MOL) for converting a
partial differential equation (PDE) into a
system of ordinary differential equations
(ODEs), 21
Method of moments, 137
Molar volume diagram for polymers, 66
Molecular weight, 61
Molecular weight distribution, 62
Moment (of a distribution), 62
Multiscale modeling, 651
finite-difference scale, 655
industrial leacher example, 652
integration of multiscale models, 672
mesoscale, 656, 657
molecular scale, 657, 663
process scale, 655
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Needs for process modeling, 4, 486
Neumann condition, 23
Newton’s method, 40
Nitrogen (N2), 52
Nucleophile, 143
Nucleation
Blander and Katz theory, 102
Holder and Katz theory, 103
heterogeneous, 102
homogeneous, 102
Number-average molecular weight, 63
Numerical diffusion, 22, 32, 34
Numerical methods for integrating ordinary
differential equations, 38
explicit method, 38
implicit method, 39
stability, 39
Nylon-6: 1, 2, 49
bubble-gas devolatilizer problem, 239
batch polymerization problem, 237
components, 51, 605
hydrolyzer problem, 238
leacher problem, 84, 116, 286, 300
mass-transfer limitations, 92
phase equilibrium, 89
physical properties, 51
polymerization kinetics, 155-157
reactions, 605
segments, 139
transfer line problem, 283
VK tube Polymers Plus flowsheet, 401
VK tube problem, 345
wiped film evaporator problem, 283

Ordinary differential equation (ODE)
system, 42

ODEPACK, 11, 13

Open simulation environment (OSE), 9, 345

Paste tank, 3

Pellet leaching problem, 84

Pelletizer, 2

Penetration theory, 98

PET:
batch polymerization problem, 135
components, 52, 512
esterifier problem, 239
mass-transfer limitations, 521
melt process problem, 3, 347
physical properties, 51
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phase equilibrium, 83, 89
polymerization kinetics, 175-178
rotating disk finisher problem, 285
segments, 161
solid-state polymerization problem, 287
PET polymerization process modeling
using Excel/visual basic/FORTRAN,
366
using Polymers Plus, 507
PFR equations:
liquid PFR, countercurrent liquid
phase, 293
liquid PFR, countercurrent vapor
phase, 294
liquid PFR, well-mixed vapor
phase, 291
liquid-only, 289
Phase behavior, 6
Phase equilibrium, 87
Phase-equilibrium design problem, 83
Physical properties of conventional
components, 51
critical constants, 53
diffusitivity, 60
liquid molar volume, 55
molecular weight, 51
vapor molar volume, 55
vapor pressure, 53
Physical properties of polymers, 61
liquid density, 65
melt viscosity, 68
molecular weight, 61
physical properties pertinent to enthalpy
calculations, 203
polymer phase behavior, 65
thermal conductivity, 69
Van Krevelen’s method for polymer
property prediction, 80
Plug-flow reactor (PFR), 11, 19, 283
Poly(ethylene terephthalate) (PET), 3, 50
Polyaddition, 144, 149, 151
Polycaprolactone:
components, 559
reactions and Kinetics, 562
Polycondensation, 144, 145, 147
Polydispersity index (PDI), 63
Polylactide
components, 591
reactions, 595
wiped-film evaporator, 600
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Polymer drying problem, 199
Polymer molecular weight distribution, 61
number-average molecular weight,
MWN, 63
polydispersity index, PDI, 63
weight-average molecular weight,
MWW, 63
Z-average molecular weight, MWZ, 63
Polymerization train, 7, 653
Polymer phase behavior
amorphous state, 65
crystalline state, 65
glassy state, 65
glass-transition temperature, 66
melt state, 65
melt temperature, 66
rubbery state, 66
semi-crystalline state, 66
Polymers Plus, 11
CAUSRA attribute, 528
compilation, linking of mass-transfer
subroutine, 525
entering reactions, 419
mass-transfer correlation and
arguments, 527
mass-transfer limitations, 522, 544
mass-transfer model calculator
block, 531
mass-transfer subroutine, 523
overview of steps for developing
a model, 395
PET reactions, 517
segment run concentrations, 429
sensitivity study, 448
specifying mass-transfer parameters, 529
Polymer Plus applications to polymerization
process modeling and product design
nylon-6 VK-tube process, 393
nylon-6,6 process, 604
PET process, 507
polycaprolactone process, 558
polylactide process, 589
polyurethane process, 571
PolyNRTL activity-coefficient model, 87, 89
interaction parameters for nylon-6
process, 91
interaction parameters for PET process, 92
Polyurethane:
components, 571
reactions, 572
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Product design, 2, 4

design of a batch polycaprolactone process
with varying polymer molecular
weight, 557, 571

design of a batch polyurethane process with
varying polymer molecular weight,
571, 583

design of a continuous polylactide process
with varying polymer molecular
weight, 589, 604

design of a nylon-6 bubble-gas devolatilizer
with a target sulfuric acid relative
viscosity and a target content of
extractables, 239, 251

design of a nylon-6 bubble-gas process with
varying polymer molecular weight and
monomer contents in the polymer,
541, 546

design of a nylon-6 continuous hydrolyzer
with a target sulfuric acid relative
viscosity, 238, 249

design of a nylon-6 leacher with a target
content of extractables, 286, 300

design of a nylon-6 leacher and solid-state
polymerizer with varying intrinsic
viscosity, 463, 483

design of a nylon-6 reactor with a target
sulfuric acid relative viscosity and a
target content of extractables, 238, 249

design of a nylon-6 VK tube process with
varying intrinsic viscosity and content
of extractables, 345, 364

design of a nylon-6 VK tube process with
varying polymer molecular weight and
monomer contents in the polymer,
393, 452

design of a nylon-6 wiped-film evaporator
with a target sulfuric acid relative
viscosity and a target content of
extractables, 283, 295

design of a nylon-6,6 process with varying
polymer molecular weight, 604, 610

design of a PET esterifier with maximum
amount of oligomers, 239, 249

design pf a PET melt process with varying
intrinsic viscosity, 347, 368

design of a PET melt process with varying
polymer molecular weight and
monomer contents in the polymer,
507, 535
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Product design (Continued)
design of a PET rotating-disk finisher with
a target intrinsic viscosity and a target
content of extractables, 285, 295
design of a PET solid-state polymerizer with
a target intrinsic viscosity and content
of extractables, 287, 301

Quadratic upwind interpolation for
convective kinematics (OUICK), 36,
109, 296

Raoult’s law, 87
Reaction kinetics (mechanisms)
in nylon-6 process, 144, 148
in nylon-6,6 process, 605
in PET process, 162, 165
in polycaprolactone process, 564
in polylactide process, 595
in polyurethane process, 577
Reaction rate constants
in nylon-6 process, 157, 414
in nylon-6,6 process, 609
in PET process, 178, 522
in polycaprolactone process, 568
in polylactide process, 598
in polyurethane process, 582
Recent achievements of polymerization
process modeling
gas-phase polypropylene process, 675
nylon-6 melt and bubble-gas
processes, 679
slurry high-density polyethylene
process, 684
Relative viscosity, 160, 238
Residence time design problem, 41
Ring opening, 144, 146, 150
Rotating disk contactor, 98, 99

Segments, 63
end segments, T-, 63
repeat segments, B-, 63
in nylon-6 process, 63, 139, 409
in nylon-6,6 process, 606
in PET process, 64, 161, 511
in polycaprolactone process, 559
in polylactide process, 593
in polyurethane process, 573

INDEX

Segment reference enthalpy, 211-219

Segment run concentration, 153, 173, 174

Segment-based accounting for modeling
polymer physical properties and phase
equilibrium, 88

Segment-based mole fraction, 89

Slurry high-density polyethylene (HDPE)
polymerization, 684

Solid TPA, 92-93

Solids, 92

Solid-state polymerization, 2, 287, 301, 463

Solubility prediction, 663

thermodynamics for solid solubility, 664

Specific interfacial surface area, 86

Species-based accounting for modeling
polymer physical properties and phase
equilibrium, 88

Stability, 39

Stirred tanks, 11, 241

Stirred-tank model equations, 243, 245

Stirred-tank filling problem, 12

Terephthalic acid (TPA), 3, 52
Termination, 144

Thermal conductivity, 61, 69
Transport limitations, 6
Trial-and-error approach, 4
Turbulent transport, 657

Upwind finite-difference approximation, 22

Van Krevelen’s functional group method for
polymer physical property predictions, 79,
414, 561, 576
Vapor molar volume, 55
Vapor pressure, 53
VBA (Visual Basic) interfacing with
FORTRAN, 353
Viscosity, 57-59
VK tube polymerization process modeling,
1, 346
using Excel/visual basic/FORTRAN, 364
using Polymers Plus, 393

Water, 52

Weight-average molecular weight, 63
Weir equation, 13

Wiped-film evaporator, 3, 4



